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2.d.3 Upper Tropospheric Humidity 
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The 2019 global-average upper tropospheric (relative) humidity (UTH) continued to stay 
close to 2001-2010 average (+0.20 %RH; Fig 2.d.3.1). This implies a continued moistening 
of the upper troposphere with warming. A near-zero decadal trend in the UTH indicates an 
increase in absolute (specific) humidity in line with the warming mid- and upper troposphere 
(about 0.2 K/decade as shown for example in Santer et al., 2017), and hence is consistent 
with a positive (amplifying) water vapor feedback (Chung et al. 2016). The water vapor 
feedback is determined mainly by the mid to upper troposphere (Allan et al., 1999; Held and 
Soden, 2000) because the radiative effect of water vapor is proportional to relative changes in 
water vapor (John and Soden, 2007) and not to the absolute amount.  
 
During the first half of 2019 the anomalies were slightly below average (-0.07 %rh compared 
to 0.10 %rh in the second half) indicating weak El Niño-like conditions (intensified Hadley 
circulation leads to enhanced subsidence in dry zones (e.g., Tivig et al, 2020)). During the 
second half of the year the anomalies were generally above average, associated with ENSO-
neutral conditions. There is broad agreement among the three available datasets (HIRS 
infrared satellite [Shi and Bates, 2011], microwave satellite data [Chung et al., 2013], ERA5 
reanalysis [Hersbach et al., 2020]) in the interannual variability despite their structural 
differences. During their common period, there is a correlation of 0.6 between the two 
satellite datasets and 0.5 between ERA5 and either of the satellite datasets. This provides 
confidence in the observed long-term behavior of UTH. The inter-satellite calibrated and bias 
corrected infrared and microwave satellite measurements sample a broad upper tropospheric 
region (roughly between 500 and 200 hPa, but this layer varies slightly depending upon the 
atmospheric humidity profile) two times per day, and infrared observations only sample 
clear-sky scenes (John et al., 2011). The ERA5 reanalysis is based on model runs constrained 
with in situ and satellite data including the HIRS and microwave radiances. ERA5 samples 
all regions every hour, but here only displayed at 400 hPa. The mean and standard deviation 
of the anomaly time series are -0.17±0.87, -0.01±0.66, and 0.00±0.34 %rh for the ERA5, 
HIRS, and microwave datasets, respectively. Compared to its previous version (ERA-
Interim), the ERA5 time series shows improved consistency with the satellite datasets but 
displays anomalies more negative than HIRS or the microwave data (~-0.5 %RH) during the 
period 1993-2002.. 
 
Annual anomalies of UTH for 2019 are shown in Plate 2.1 and Online Fig 2.d.3.1 for the 
microwave and HIRS datasets, respectively. Positive anomalies in central and eastern Africa 
reflect above average precipitation and flooding events in those areas. Negative anomalies 
over southern Africa indicate the drought conditions there. The strong positive phase of 
Indian Ocean Dipole (IOD) can also clearly be seen in the anomalies. During the positive 
phase of IOD sea surface temperatures in the Indian Ocean near Africa's east coast are 
warmer than usual, while sea surface temperature in the waters north-west of Australia are 
comparatively cooler. These conditions lead to below average precipitation across Australia, 
which is also reflected in the negative UTH anomalies over most of Australia. The close 
connection of UTH to convection makes it suitable for monitoring large-scale dynamics of 
the troposphere. 
 
Plate 2.1: Annual average UTH anomaly map for 2019 relative to the 2001–2010 




Fig 2.d.3.1 Global (60oS–60oN) average time series of upper tropospheric humidity 
anomalies using HIRS (black), microwave (blue), and ERA5 (purple) datasets. The anomalies 
are computed with respect to the 2001–2010 average, and the time series are smoothed to 
remove variability on time scales shorter than three months. 
 
Online Fig 2.d.3.1 Annual average UTH anomaly map for 2019 relative to the 2001–2010 
climatology based on the HIRS UTH dataset. 
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Dataset URLs:  
HIRS - https://data.nodc.noaa.gov/cgi-bin/iso?id=gov.noaa.ncdc:C00951 
Microwave – Available on request 
ERA5 – Climate Data Store 
 
 
